INTRODUCTION
The estimated prevalence of autoimmune diseases in Europe [1] and the USA [2] is 5.3% and 3.2%, respectively, which equates to 23.5 million people affected in the USA (based on 24 autoimmune diseases for which good epidemiologic studies are available) [3, 4] . However, the American Autoimmune Related Diseases Association predicts (taking all autoimmune diseases into account) that there are up to 50 million people in the USA affected by an autoimmune disease [3] . Those with autoimmune diseases have an associated increase in morbidity and mortality, and autoimmune diseases are among the 10 leading causes of death (under 65 years) [5] and disability for women in the USA [6] . Rheumatoid arthritis (RA), a chronic, systemic, inflammatory disorder with a worldwide prevalence of 0.5-1%, is part of a heterogeneous group of 80-100 known autoimmune diseases [3] .
Many autoimmune diseases, including RA, share common pathogenic mechanisms, cytokine pathways, and a systemic inflammatory cascade [7] . Genome-wide association studies have helped expand the understanding of these shared pathways, their genetic basis (including shared loci), and the common environmental risk factors of autoimmune diseases [7, 8] . The misdirected immune response against self that is observed in these diseases involves multiple body systems, often resulting in overlapping syndromes. On average, patients with RA have two or more comorbid conditions [5] . The presence of other autoimmune diseases in patients with RA can lead to increases in both disability and mortality [5, 9] . In addition, some autoimmune diseases, such as systemic lupus erythematosus (SLE) and psoriasis, can arise or be exacerbated as a result of treatments for RA [10] .
At present, there are few published studies quantifying the occurrence of overlapping autoimmune diseases in patients with RA. Most published papers are case reports or clinical/ hospital studies involving one or a selected few autoimmune diseases [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . To the best of our knowledge, there is currently no evaluation of the occurrence of multiple autoimmune diseases in patients with RA. This large, cross-sectional study was performed to screen for and evaluate the occurrence of multiple pre-specified autoimmune diseases in an RA population. To address potential observation bias, the occurrence of multiple pre-specified autoimmune diseases was evaluated in patients with osteoarthritis (OA), a population with a similar number of healthcare encounters to the RA group.
METHODS

Study Design
We conducted a cross-sectional study with two US administrative healthcare claims databases: Analyses were conducted using a common data model version of these databases. This format standardizes the data structure and terminologies, minimizing the need for customizations and allowing the proposed analytic methods to be applied systematically, thus making any cross-database analyses more meaningful [21] .
The study was conducted in accordance with the International Society for Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology Practices [22] , applicable regulatory requirements, and the principles of the Declaration of Helsinki. This article does not contain any new studies with human or animal subjects performed by any of the authors. Review and approval by ethics committees and patient informed consent were not required for this study.
Patients
RA Group
Eligible patients with RA were required to have at least two inpatient or outpatient physician International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes of 714.xx within 90 days of each other at any time during the study period. This criterion for RA was based on MacLean's algorithm for the identification of RA using administrative claims data [23] . Patients meeting the MacLean's criterion of RA between January 1, 2006 and September 30, 2014 were identified and included in the study. The index date for both groups is the date of the second of the two claims with the specified diagnosis codes. All patients with at least 365 days of continuous health plan enrollment before and after their qualifying RA or OA diagnosis date (index date) were included. For each patient with RA, five age-matched (± 5 years) and sex-matched patients with OA were identified. Patients with both OA and RA (two diagnosis codes in the 365 days before and after their qualifying diagnosis) were excluded.
OA Group
Statistical Analyses
Descriptive statistics were used to characterize the populations of patients with RA and OA. Demographic characteristics, comorbid conditions, the Charlson Comorbidity Index (CCI) [24] , calendar time, and number of healthcare encounters were evaluated. The CCI was calculated both with and without rheumatic disease as a component (Supplementary Table 1) .
We calculated prevalence rates for all autoimmune diseases with 95% confidence intervals (CIs) for the matched RA and OA populations. Matched prevalence rates and odds ratios (ORs; univariate analysis, RA cohort with OA cohort as reference) with 95% CIs were computed for patients who had two ICD-9-CM diagnosis codes (Supplementary Table 2 ) for any of the 37 pre-specified autoimmune diseases (within the 365 days before and after the qualifying RA or OA diagnosis).
RESULTS
Patient Disposition and Baseline Characteristics
A total of 5252 patients with both RA and OA diagnoses were excluded. A total of 286,601 patients with RA and 992,838 matched patients (from 1,421,624 records) with OA were evaluated ( Fig. 1 ). More patients with RA (31.5%) were diagnosed by a rheumatologist than patients with OA (0.8%).
Across both cohorts, approximately three-quarters of the patients were female (74%), with a mean age of 54 years ( Table 1) . The comorbidities recorded and hospital visits (inpatient/emergency room) were generally similar between patients with RA and OA, suggesting a similar healthcare encounter profile (Table 1) . However, some differences were noted: patients with OA were more likely to have hypertension, hyperlipidemia, diabetes, and asthma, and patients with RA to have a slight increase in occurrence of chronic obstructive pulmonary disease (COPD). Some treatment differences were also noted: patients with RA were more likely to be treated with biologic and non-biologic disease-modifying antirheumatic drugs, methotrexate, and corticosteroids than those with OA ( Table 1 ). The use of nonsteroidal anti-inflammatory drugs differed slightly between both groups (RA 42.8% versus OA 41.8%).
Importantly, the number of other autoimmune diseases identified was greater among patients with RA [24.3% (having a least one) and 6.0% (having more than one)] compared with patients with OA (10.5% and 1.4%, respectively; Table 1 ).
Prevalence
Overall, the prevalence rates of the pre-specified autoimmune diseases evaluated were higher among patients with RA than among the matched patients with OA (Table 2) . Leukocytoclastic vasculitis had the lowest prevalence in both the RA and OA groups (0.05% versus 0.01%, respectively). The prevalence rates of other specific conditions differed between the two groups. For patients with RA, SLE (3.8%) and psoriatic arthritis (3.2%) were the most prevalent, while type 1 diabetes mellitus (1.7%) and psoriasis (0.9%) were the most prevalent for matched patients with OA.
Patients with RA had elevated ORs for all autoimmune diseases, except multiple sclerosis, when compared with a matched set of patients with OA. The autoimmune diseases present at highest frequencies were ankylosing spondylitis, psoriatic arthritis, polymyositis, and Sjögren's/sicca syndrome ( Table 2) .
DISCUSSION
This large, retrospective, cross-sectional cohort study of US healthcare claims database data evaluated 286,601 patients with RA and 992,838 matched control patients with OA. To the best of our knowledge, this is the first study to comprehensively screen and quantify the prevalence of other autoimmune diseases in patients with RA and OA. The findings suggest that autoimmune diseases were much more frequent in patients with RA than patients with OA. Patients with RA were four times more likely than patients with OA to have more than one autoimmune disease in addition to RA in their history. The prevalence rates of all autoimmune diseases evaluated were higher among patients with RA than those with OA. Patients with OA were more likely to have comorbid hypertension and hyperlipidemia, and patients with RA have a slight increase in occurrence of COPD. It is known that OA and cardiovascular disease have a high level of co-occurrence [25] . Similarly, COPD is not unexpected in patients with RA [26, 27] . Of the 37 autoimmune diseases evaluated here, those associated with the highest frequencies and their prevalence rates were consistent, regardless of whether diagnosis was by one (instead of two) ICD-9-CM diagnosis code. RA rheumatoid arthritis, OA osteoarthritis, SD standard deviation, COPD chronic obstructive pulmonary disease, DMARD disease-modifying antirheumatic drug, NSAID nonsteroidal anti-inflammatory drug, CCI Charlson Comorbidity Index, calculated by addition of comorbidities a Records for 992,838 patients b Myositis diagnosis codes included in baseline autoimmune disease evaluation c The CCI contains 17 categories of comorbidities and predicts the 10-year mortality for a patient who may have a range of comorbid conditions. Each condition is assigned a score of 1, 2, 3, or 6, depending on the risk of dying associated with this condition [24] 
4)
Smaller studies evaluating the frequency of the co-existence of more than one autoimmune disease have similarly reported a greater prevalence in patients with an autoimmune disease than in controls. Having one autoimmune disease significantly increases the risk of having another [28, 29] . At present, there are few studies quantifying the occurrence of overlapping autoimmune diseases [11-20, 28, 29] . A higher prevalence of diabetes and RA in patients with psoriasis (n = 55,344) and psoriatic arthritis (n = 1952) was observed in a retrospective database study [12] . In another study, a higher prevalence of Crohn's disease, ulcerative colitis, and inflammatory bowel disease was reported in patients with psoriasis and psoriatic arthritis [17] . Wu et al. [20] evaluated the prevalence of 21 autoimmune diseases in patients with psoriasis (n = 25,341) and found that 60% were likely to have an additional autoimmune disease compared with the general population, and psoriasis was positively associated with 14 autoimmune diseases [20] . In patients with vitiligo (n = 1098), a high prevalence (approximately 20%) of comorbid autoimmune diseases was noted [13] . Furthermore, in hospital-based cross-sectional studies (2791 and 3568 patients, respectively), approximately 3% and 4% of patients suffering from Graves' disease and alopecia areata, respectively, were also found to have RA [11, 14] .
A limited number of studies have quantified the occurrence of other autoimmune diseases in patients with RA [16, 18] . Lazurova et al. [16] evaluated 80 patients with SLE or RA and reported a prevalence of autoimmune thyroid disease determined by clinical screening of 24% [16] . In a study of 23 autoimmune diseases, in which patients with autoimmune disease were evaluated by either a rheumatologist or a neurologist, polyautoimmunity was reported in 32% of patients with RA (N = 304), with 21.1% having autoimmune thyroid disease, 11.8% Sjögren's syndrome, and 2.6% antiphospholipid syndrome [18] . Methodological differences (e.g., code or clinical evaluation diagnosis) between these two studies and the present one (approximately one-third diagnosed by a rheumatologist) may explain their increased numbers. Cooper et al. [28] examined the prevalence of co-occurrence in a review publication and noted a positive association with inflammatory bowel disease, type 1 diabetes mellitus, and Hashimoto's thyroiditis and, in similarity with the current study, a lack of an association with multiple sclerosis in patients with RA. Somers et al. [29] conducted population-based cohort studies that included 22,888 patients with RA and demonstrated co-existence of RA, autoimmune thyroiditis, and insulin-dependent diabetes mellitus at higher than expected rates, but reduced comorbidity between RA and multiple sclerosis (all of which share cytokine profiles indicative of T-helper 1-cell predominance).
The genetic basis of autoimmune diseases, including involvement of common genes, may explain the clustering of certain autoimmune diseases. Hemminki et al. [30] suggest extensive genetic sharing between RA and other autoimmune diseases. Recently, Farh et al. [8] used high-density genotyping and epigenomic data to fine map causal autoimmune disease variants from 21 autoimmune diseases that linked causal As defined in the study protocol and derived from those reported in the American Autoimmune Related Disease Association's autoimmune statistics [3] RA rheumatoid arthritis, OA osteoarthritis, CI confidence interval, NEC not elsewhere classified disease variants to context-specific immune enhancers and inferred a nuanced complexity to variant function. As with any database study, limitations occur in identification of medical events or baseline comorbidities which are restricted to computerized population-based data captured as part of the medical record or claims and constrained to diagnostic code and algorithm information. Where possible, both potential intrinsic and extrinsic confounding variables were controlled in the present analysis through the study design and statistical techniques employed [14, 19] . However, these methods cannot eliminate residual confounding from unmeasured factors; data on other explanatory causes of events and the clinical path/course may not be complete or known. Autoimmune diseases are characterized by heterogeneous clinical presentations, and sometimes complex definitions and multiple ICD-9-CM diagnosis codes. Although the prevalence was noted as being higher in patients with RA than OA, potential differences in the severity of the autoimmune disorders were not evaluable on the basis of the information captured in the database evaluated in this study.
This population-based study utilized a large database (allowing potential effects to be detected) and evaluated a substantial number of autoimmune diseases (approximately half known). The use of two diagnosis codes during the baseline/follow-up period in this study improved the robustness of the data, particularly as the physician may record only one code and not all relevant codes. The use of ORs of greater than 5 should reduce the risk of a small increase being statistically significant in such large numbers of patients. However, the presence of multiple autoimmune diseases in patients with RA may not only reflect polyautoimmunity but may also be due to misclassification bias for differing reasons, e.g., as a consequence of disease complexity leading to diagnostic error, known complications associated with RA (such as patients with scleritis/ episcleritis, Felty's syndrome [RA, splenomegaly, and neutropenia], rheumatoid lung disease, rheumatoid vasculitis, and inflammatory myositis as well as presentations of extra-articular symptoms), or drug-induced symptom occurrence.
Involvement of the musculoskeletal system other than joints and of organs not considered part of the musculoskeletal system (e.g., skin, eye, and lung) occurs in about 40% of patients with RA over a lifetime of disease [31] . Misclassification could also occur as a consequence of a subsequent presentation of extra-articular features, e.g., psoriasis leading to a potential re-diagnosis to psoriatic arthritis (diagnostic error). Further misclassification could occur as a consequence of the complexity of RA, e.g., a misclassified diagnosis as RA that actually was primary Sjögren's syndrome. The most prevalent autoimmune diseases noted in this study for patients with RA, SLE and psoriatic arthritis, have also been noted to arise or be exacerbated as a result of TNF-a blocking treatment for RA [10] . Although patients with OA and RA may have a similar number of healthcare encounters, their primary providers may be different (e.g., general practitioner versus rheumatologist), which may induce a further misclassification bias.
CONCLUSIONS
Estimates of prevalence and incidence increase understanding of a disease's clinical, public health, and economic impact. These findings and those of previous studies suggest that evaluating and screening patients with RA for the presence of other autoimmune diseases is warranted.
As with studies in other autoimmune diseases, these data from a uniquely comprehensive screen to quantify the prevalence of other autoimmune diseases in patients with RA and OA suggest that an interrelationship between autoimmune diseases exists in patients with RA. Management and treatment options for patients with RA should be considered in line with any other comorbid autoimmune diseases present, in particular as their presence can lead to increases in disease severity, disability, and mortality [5, 9] . Understanding the occurrence of multiple autoimmune diseases may play an important role in patient management, their treatment decisions, and outcomes.
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